The deepest recognized tear fault (down to a depth of 550 km) runs E-W parallel 1 to latitude 42ºN (42º10'±10') ( Figure 5 ). It is indicated by the transition from positive 2 seismic velocities north of the fault to an area that generally lacks positive anomalies 3 (with the exception of a single displaced slab segment around longitude 11-12ºE ). This 4 tear fault continues at slightly shallower depths (<340 km) and meets one of the major 5 structural boundary, the so-called Ancona-Anzio line ( Figure 2 ) that crosses the 6
Apennines from north to south and separates the northern Apennine belt (Umbria-Marche 7 arc) from the central Apennines. Another deep (<440 km) lithospheric tear fault, defined 8
by the southern extension of the displaced slab segment around longitude 11-12ºE, runs 9 parallel to latitude 41ºN ( Figure 5 ). This lithospheric-scale fault is a well known structure 10 (41°N parallel line), which separates a domain with relatively low crustal extension in the 11 northern Tyrrhenian, from an area that underwent much higher degree of crustal 12 extension, leading to the formation of oceanic crust in the southern Tyrrhenian Sea 13 [Sartori, 1990] . The crustal discontinuity parallel to latitude 41ºN was also recognized in 14 seismic profiles and was shown to be associated with a magnetic and free-air gravity 15
anomaly [Spadini and Wezel, 1994; Bruno, et al., 2000] . 16 Similarly to the 42ºN fault further north, the tear fault associated with the 41°N 17 parallel line changes its orientation in the Apennines to almost N-S. It is recognized at 18 depth of <250 km, dividing the two domains of the Roman Province and the Ernici-19 Roccamonfina volcanoes, which have different petrologic and geochemical signatures 20 [Peccerillo and Panza, 1999; Frezzotti, et al., 2007] . The possible surface expression of 21 this fault is the Ortona-Roccamonfina Line ( Figure 2 Taormina line as the edge of the thin-skinned Calabrian nappes [Lentini, et al., 1994] . 7
Based on the deep structure revealed by seismic tomography, we think that the 
Development and propagation of slab tear faults 17
The kinematic evolution of slab tear faults is schematically illustrated in Figure 6 . The 18 reconstruction is based on the detailed spatio-temporal analysis of Rosenbaum and Lister 19 [2004] , where an extensive amount of geological data have been used to constrain the 20 kinematic evolution of the Tyrrhenian Sea and the Apennine belt. These data include the 21 migration of shortening and extensional structures, the first appearance of syn-rift 22 sediments, the distribution of palaeogeographic domains, the rotation of crustal blocks as 23 inferred from palaeomagnetic data, and the spatio-temporal distribution of magmatic 1 rocks [Rosenbaum and Lister, 2004] . The reconstruction also shows the possible location 2 of lithospheric slab segments as projected from the present-day position at depths of 100-3 170 km (see Figure 5) . 4 5
Magmatism in the Italian region 6

Spatio-temporal distribution 7
An important outcome of the kinematic reconstruction is the apparent link between the 8 propagating tear faults and the spatial and temporal distribution of magmatism ( Figure 6  9 and Table 1 ). Magmatism in Italy is manifested by a large spectrum of magmas ranging 10 from subduction-related calc-alkaline and ultra-potassic magmas to intraplate oceanic 11 island basalts (OIB), and Mid Oceanic Ridge Basalts (MORB) (Figure 7 ) [Peccerillo, 12 2005 ]. Here we show that the geochemical affinities of these magmas are generally 13 consistent with our geodynamic model, thus further supporting the suggestion that the 14 Apennine subduction zone was subjected to segmentation through slab tear faulting. Our 15 model, however, does not attempt to explain all the complex features of the petrology of 16 the volcanic edifices [e.g. Peccerillo, 2001; Gasperini, et al., 2002; Panza, et al., 2007] . 17 The early stage of magmatic activity in the Tyrrhenian Sea, which followed 18 abundant calc-alkaline magmatism in Sardinia, was associated with 9-6 Ma intrusive and 19 extrusive magmatism in Capraia, Elba, Montecristo and Vercelli seamount (Figure 6a,b) . 20 Magmatism appears immediately above the Miocene subducting slab and is attributed to 21 the subduction-related magmatic arc. By ~5 Ma, this magmatic arc has migrated eastward 22 [Civetta, et al., 1978] from Capraia, Vercelli Seamount, Montecristo, and western Elba to 1 eastern Elba and Giglio islands (Figure 6c ). In the southern Tyrrhenian, direct evidence 2 for subduction-related magmas is less clear, but there have been suggestions for the 3 existence of a submerged Pliocene subduction-related volcanic arc [Sartori, 1986; 4 Sartori, 2005] . The location of this arc [see figure 3 in Sartori, 1986] exactly corresponds 5 to the geometry of the subduction zone at 6-4 Ma, as shown in Figure 6c . 6 Simultaneously with the production of Pliocene subduction-related magmas, 7 further magmatism was generated by decompressional melting of asthenospheric mantle 8 in extensional regions and gaps in the slab corresponding to tear faults. One of these tear 9 faults propagated from the northern tip of Corsica to southern Tuscany, producing, at ca. 10 4.8 Ma, mantle-derived shoshonites in Capraia that are characterized by lower ratios of 11
Large Ion Lithophile Elements vs. High Field Strength Elements (LILE/HFSE) compared 12
with the older activity (see next section). Further east, the crustal uplift in southern 13
Tuscany and the production of anatectic felsic magmas (San Vincenzo, Castel di Pietra 14 and Gavorrano) along the same fault (Figure 6c ) are also interpreted to result from the 15 combination of slab tearing and arc magmatism. Contemporaneous volcanism located 16 along tear faults also occurred further south in Anchise Seamount and Ponza Island. The 17 latter was subjected to magmatism from 4.2 to 1 Ma [Cadoux, et al., 2005] , and is 18 considered as the northern end of the southern Tyrrhenian Pliocene arc [Sartori, 1986] , 19 which was transected by the tear fault of the 41°N parallel line. 20
The distribution of some of the younger (4-2 Ma) magmatic activity was also 21 focused along the deeper tear faults (Figure 6d ). This includes a cluster of 22 subduction/tear-related magmatic centers (Tolfa, Manziana and Cerite) in the area where 23 the deep tear fault parallel to latitude 42N intersected with the Italian peninsula. In the 1 south, the occurrence of magmatism in Volturno (>2 Ma) and Ponza (4.2 to 1 Ma) also 2 coincide with slab tearing. Subsequently, during the last 2 Myr (Figure 6e ), the central 3
Apennines were subjected to widespread tear-related magmatic activity and magmatism 4 induced by breakoff of the lithospheric slab [De Astis, et al., 2006; Panza, et al., 2007] . 5 We interpret this magmatic phase as the geodynamic expression for the formation of the 6 central Apennine asthenospheric window following slab segmentation, and the local 7 destruction of the subduction system. Further south, arc-magmatism in the Aeolian 8 Islands has been generated by subduction of the narrow Ionian slab, whereas the 9 combination of rapid slab rollback and slab tearing resulted in asthenospheric upwelling 10 However, whereas some element abundances and ratios (e.g. LILE/HFSE) and isotopic 19 signatures depend on nature and intensity of metasomatism, other compositional features, 20
including HFSE ratios and some major element ratios (e.g. Ca/Al of primary melts, which 21
has not suffered clinopyroxene and/or plagioclase fractionation and depend on source 22 mineralogy) do not depend so much on metasomatism but reflect pre-metasomatic mantle 23 sources. The combination of all these features provides a further support for the 1 geodynamic reconstruction ( Figure 6 derived from the mixing of calc-alkaline melts with crustal anatectic magmas. Some of 18 these geochemical affinities coincide with the characteristics of the younger (supposedly 19 slab breakoff-related) magmas of the Roman Magmatic Province (see below). 20
The majority of the Tuscan magmas are strongly evolved, and are largely derived 21 from melting of the Tuscan basement [Poli, 2004] . Mantle-derived mafic magmas contain 22 subduction components but there are rocks with higher La/Nb and Ca/Al (e.g. 23 shoshonites vs. older calc-alkaline rocks at Capraia). Higher Ca/Al and lower Sr isotope 1 ratios mean higher proportions of asthenospheric component than metasomatised 2 lithospheric mantle, which agrees with the presence of dip faults allowing deep mantle to 3 contribute to magmatism. We therefore interpret such magmatism as slab tear-related 4 magmatism involving deeper asthenospheric mantle-derived melts, which either rose to 5 the surface and produced relatively primitive magmas (shoshonites of Capraia and 6
Campiglia dyke) or provided additional heat for the melting of the lithospheric mantle 7 and continental crust (Tolfa-Manziana-Cerite, Roccastrada, San Vincenzo, and southern 8 Tuscany granitoids). We emphasize, however, that the more evolved felsic magmas do 9 not enable us to constrain the geochemical characteristics of the mantle. Their association 10 with possible tear faulting is therefore predominantly based on their temporal and spatial 11 distribution. 12
In the central Apennines, slab breakoff following tearing coincided with the 13 generation of magmas in the Roman Magmatic Province (Vulsini, Vico-Sabatini and 14 Alban Hills). These relatively late (<1 Ma) volcanic complexes are characterized by 15 potassic and high-potassic magmas, developed in a zone of NW-SE trending normal 16 faults [Peccerillo, 1990; 2005] . These magmatic centers are situated northwest of the 17 that the response to the arrival of seamounts, oceanic plateaus or island arcs at the 8 subduction zone depends of their relative contribution to the gross lithospheric buoyancy 9 [Cloos, 1993] . Therefore, the dynamic effect associated with the arrival of continental 10
Adria at the subduction zone would be more pronounced than the effect associated with 11 aseismic ridge subduction. 12
It is therefore likely that lithospheric-scale orogen-perpendicular structures exist 13 in other modern and ancient convergent plate boundaries. Evidence for the existence of 14 such structures has been reported, for example, from the New Guinea Fold Belt, where 15 orogen-perpendicular transfer faults were found to be associated with non-subduction-16 related magmatism and Cu-Au mineralization [Hill, et al., 2002] of Lucente et al. [1999] (hereinafter L99). The purpose of these analyses is to address the 5 resolution of the inversion scheme in terms of its ability to retrieve a known input model, 6
given the same ray coverage used for the real data inversion. For a comprehensive 7 evaluation of the resolution power it is necessary to refer to L99, where the method-data 8 apparatus is described in detail. The sensitivity analyses allow a comprehensive, 9 relatively rapid, visual inspection of the model's spatial resolution. However, being a 10 limited representation of the resolution matrix (R), they can only provide a qualitative 11 estimate of the resolution. Therefore, results of the following synthetic tests need to be 12 read together with the analysis of the resolution matrix (R), which represents a higher 13 rank diagnostic factor for assessing the reliability of the estimated model in an inversion 14 procedure. The resolution matrix (R), (both diagonal and off-diagonal elements) is 15 analyzed and discussed in L99. Gaussian random noise with 0.5 s standard deviation. This more conservative value for 3 the random noise added to the synthetic data ensures that the actual noise affecting the 4 inverted data is not underestimated. Input parameters for the synthetic models (i.e. block 5 dimensions, minimum number of rays for each block, damping factor, etc.) are same to 6 those in the actual data and are reported in L99.A detailed representation of the sensitivity 7 analyses is provided in Figure A1 and the auxiliary material Figures S1 and S2. 8 
Auxiliary Material 7
Supplementary information accompanies the paper includes: 8
• Text S1 9
• Figure S1 10
• Figure S2  12 • Table S1 13 Table S1 and Figure 7 . Data are classified based on the geodynamic context as shown in Figure 6 , and are presented in two diagrams to enhance readability. Numbers refer to localities in Figure 7 . Table S1 and Figure 7 . Data are classified based on the geodynamic context as shown in Figure 6 , and are presented in two diagrams to enhance readability. Numbers refer to localities in Figure 7 . 
